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(57) ABSTRACT

An adaptive patterning method and system for fabricating
panel based package structures is described. A plurality of
semiconductor die comprising a copper column disposed
over the active surface of each semiconductor die is provided.
An embedded die panel is formed by disposing an encapsu-
lant around each of the plurality of semiconductor die. A true
position and rotation of each semiconductor die within the
embedded die panel is measured. A unit-specific pattern is
formed to align with the true position of each semiconductor
die in the embedded die panel. The unit-specific pattern as a
fan-out structure disposed over the semiconductor die, over
the encapsulant, and coupled to the copper columns. A fan-in
redistribution layer (RDL) can extend over the active surface
of each semiconductor die such that the copper columns
formed over the fan-in RDLs. The unit-specific pattern can be
directly coupled to the copper columns.
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1
SEMICONDUCTOR DEVICE AND METHOD
OF ADAPTIVE PATTERNING FOR
PANELIZED PACKAGING

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part application of
U.S. patent application Ser. No. 12/876,915, titled “Adaptive
Patterning for Panelized Packaging,” filed Sep. 7, 2010,
which application claims the benefit of U.S. Provisional
Application No. 61/305,125, filed Feb. 16, 2010, the disclo-
sures of which are hereby incorporated herein by this refer-
ence. This application also claims the benefit of U.S. Provi-
sional Application No. 61/722,679, filed Nov. 5, 2012.

TECHNICAL FIELD

The disclosure relates in general to semiconductor devices
and, more particularly, to adaptive patterning in the field of
panelized packaging for the formation of fan-out wafer level
packaging (FOWLP).

BACKGROUND

Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the num-
ber and density of electrical components. Discrete semicon-
ductor devices generally contain one type of electrical com-
ponent, for example, light emitting diode (LED), small signal
transistor, resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions
of electrical components. Examples of integrated semicon-
ductor devices include microcontrollers, microprocessors,
charged-coupled devices (CCDs), solar cells, and digital
micro-mirror devices (DMDs).

Semiconductor devices perform a wide range of functions
such as signal processing, high-speed calculations, transmit-
ting and receiving electromagnetic signals, controlling elec-
tronic devices, transforming sunlight to electricity, and cre-
ating visual projections for television displays.
Semiconductor devices are found in the fields of entertain-
ment, communications, power conversion, networks, com-
puters, and consumer products. Semiconductor devices are
also found in military applications, aviation, automotive,
industrial controllers, and office equipment.

Semiconductor devices exploit the electrical properties of
semiconductor materials. The atomic structure of semicon-
ductor material allows its electrical conductivity to be
manipulated by the application of an electric field or base
current or through the process of doping. Doping introduces
impurities into the semiconductor material to manipulate and
control the conductivity of the semiconductor device.

A semiconductor device contains active and passive elec-
trical structures. Active structures, including bipolar and field
effect transistors, control the flow of electrical current. By
varying levels of doping and application of an electric field or
base current, the transistor either promotes or restricts the
flow of electrical current. Passive structures, including resis-
tors, capacitors, and inductors, create a relationship between
voltage and current necessary to perform a variety of electri-
cal functions. The passive and active structures are electri-
cally connected to form circuits, which enable the semicon-
ductor device to perform high-speed calculations and other
useful functions.
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Semiconductor devices are generally manufactured using
two complex manufacturing processes, that is, front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing
involves the formation of a plurality of semiconductor die on
the surface of a semiconductor wafer. Each semiconductor
die is typically identical and contains circuits formed by
electrically connecting active and passive components. Back-
end manufacturing involves singulating individual semicon-
ductor die from the finished wafer and packaging the die to
provide structural support and environmental isolation. The
term “semiconductor die” as used herein refers to both the
singular and plural form of the words, and accordingly can
refer to both a single semiconductor device and multiple
semiconductor devices.

One goal of semiconductor manufacturing is to produce
smaller semiconductor devices. Smaller devices typically
consume less power, have higher performance, and can be
produced more efficiently. In addition, smaller semiconduc-
tor devices have a smaller footprint, which is desirable for
smaller end products. A smaller semiconductor die size can
be achieved by improvements in the front-end process result-
ing in semiconductor die with smaller, higher density active
and passive components. Back-end processes may result in
semiconductor device packages with a smaller footprint by
improvements in electrical interconnection and packaging
materials.

One approach to back-end processing that more efficiently
produces packaged semiconductor devices is the use of pan-
elized packaging, in which a number of semiconductor die are
formed into a panel and processed simultaneously at a level of
a reconstituted wafer or panel. One form of panelized pack-
aging used to package semiconductor die is FOWLP. FOWLP
involves placing multiple semiconductor die “face down” or
with an active surface of the semiconductor die oriented
toward a temporary carrier or substrate, such as a temporary
tape carrier. The semiconductor die and substrate or carrier is
overmolded with an encapsulant, such as an epoxy molding
compound, using, for example, a compression molding pro-
cess. After molding, the carrier tape is removed to expose the
active surface of the multiple semiconductor die formed
together as a reconstituted watfer. Subsequently, a wafer level
chip scale package (WLCSP) build-up interconnect structure
is formed on top of the reconstituted wafer. Conductive
bumps are then formed over the build-up interconnect struc-
ture as a ball grid array (BGA), which is attached to the
reconstituted wafer. After formation of the BGA, the recon-
stituted wafer is singulated to form individual semiconductor
devices or packages. Sometimes, semiconductor die are dis-
placed in the process of being mounted to the substrate and
are also displaced during the overmolding processes. Dis-
placement of the semiconductor die, including rotation of the
semiconductor die, can result in defective semiconductor
packages that decrease package quality and reliability and
further increase package yield loss.

SUMMARY

The foregoing and other aspects, features, and advantages
will be apparent to those artisans of ordinary skill in the art
from the DESCRIPTION and DRAWINGS, and from the
CLAIMS.

Accordingly, in one aspect, the present invention is a
method of making a semiconductor device that can comprise
providing a plurality of semiconductor die comprising a cop-
per column disposed over the active surface of each of the
semiconductor die, forming an embedded die panel by dis-
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posing an encapsulant around each of the semiconductor die,
measuring a true position of each semiconductor die within
the embedded die panel, and forming a unit-specific patternto
align with the true position of each semiconductor die in the
embedded die panel.

The method of making the semiconductor device can fur-
ther comprise forming the embedded die panel by providing
a carrier, mounting the plurality of semiconductor die face
down on the carrier, and disposing the encapsulant around
each of the plurality of semiconductor die and around each
copper column. The method can further comprise forming the
embedded die panel by providing a carrier, mounting the
plurality of semiconductor die face up on the carrier, and
disposing the encapsulant around each of the plurality of
semiconductor die and around each copper column. The
method can further comprise removing the carrier to expose a
backside of each semiconductor die. The method can further
comprise forming a fan-in redistribution layer (RDL) extend-
ing over the active surface of each semiconductor die, and
forming the copper columns over the fan-in RDL. The
method can further comprise forming the unit-specific pattern
as a fan-out structure disposed over the plurality of semicon-
ductor die, over the encapsulant, and coupled to the copper
columns. The method can further comprise forming the unit-
specific pattern as a conductive layer directly on the encap-
sulant and coupled to the copper columns.

In another aspect, the present invention is a method of
making a semiconductor device that can comprise providing
a plurality of semiconductor die comprising an interconnect
structure disposed over the active surface of each semicon-
ductor die, forming an embedded die panel by disposing an
encapsulant around each of the plurality of semiconductor
die, measuring a true position of each semiconductor die
within the embedded die panel, and forming a unit-specific
pattern to align with the true position of each semiconductor
die in the embedded die panel.

The method of making the semiconductor device can fur-
ther comprise providing the interconnect structures by form-
ing the interconnect structures as copper columns. The
method can further comprise forming bumps over each cop-
per column such that the bumps align with a respective outline
of each semiconductor device. The method can further com-
prise forming each of the semiconductor die comprising a
contact pad, and forming the copper columns over the contact
pads of each of the respective semiconductor die. The method
can further comprise forming a backside coating over a back-
side of each of the plurality of semiconductor die before
forming the encapsulant around the semiconductor die. The
method can further comprise disposing a backside coating
over a backside of each of the plurality of semiconductor die
and over a surface of the encapsulant disposed around the
plurality of semiconductor die. The method can further com-
prise measuring the true position of each semiconductor die
with respect to a global fiducial.

In another aspect, the present invention is a method of
making a semiconductor device that can comprise providing
a die panel comprising a plurality of semiconductor die com-
prising interconnect structures and embedded in an encapsu-
lant, measuring a true position of each semiconductor die
within the die panel, and forming a unit-specific pattern
aligned with the true position of each interconnect structure.

The method of making the semiconductor device can fur-
ther comprise forming the encapsulant around the semicon-
ductor die without forming the encapsulant over backsides of
the semiconductor die such that the backsides of the semi-
conductor die are exposed with respect to the encapsulant.
The method can further comprise forming the unit-specific
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patterns to align with the true position of each semiconductor
die in the die panel by selecting from a number of pre-deter-
mined unit-specific pattern designs a unit-specific pattern
with a best fit for the true position of each of the plurality of
semiconductor die. The method can further comprise forming
bumps over each unit-specific pattern such that the bumps
align with a respective outline of each semiconductor device.
The method can further comprise providing the interconnect
structures by forming the interconnect structures as copper
columns. The method can further comprise forming the unit-
specific pattern as a conductive layer, forming an insulating
layer of polybenzoxazoles, polyimide, or epoxy solder mask
over the unit-specific pattern, forming openings in the insu-
lating layer over the unit-specific pattern to define land grid
array pads, and forming low profile bumps over the land grid
array pads.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a top view of a reconstituted wafer in
accordance with an embodiment.

FIGS. 1B-1D illustrate a top view of a plurality of packages
or modules arranged in a reconstituted wafer in accordance
with embodiments of the disclosure.

FIG. 2A illustrates a top view of a FOWLP in accordance
with an embodiment of the disclosure.

FIG. 2B illustrates a cross-sectional side view of a FOWLP
in accordance with an embodiment of the disclosure.

FIG. 3A illustrates a top view of the actual position of a
package die having a different x-y position than that of the
nominal, reference position in accordance with an embodi-
ment of the disclosure.

FIG. 3B illustrates a top view of the actual position of a
package die having a different orientation than that of the
nominal, reference orientation in accordance with an embodi-
ment of the disclosure.

FIG. 4 illustrates an RDL pattern in accordance with an
embodiment of the disclosure.

FIG. 5A illustrates a portion of panel design in accordance
with an embodiment of the disclosure.

FIG. 5B illustrates a misaligned die unit in accordance with
an embodiment of the disclosure.

FIG. 6 illustrates a discrete plurality of different design
options in accordance with an embodiment of the disclosure.

FIG. 7 illustrates an adaptive patterning system in accor-
dance with an embodiment of the disclosure.

FIG. 8 illustrates a method diagram of an embodiment of
an adaptive patterning method.

FIG. 9 illustrates a method diagram of an embodiment of
an adaptive patterning method.

FIGS. 10A-10C illustrate a plurality of semiconductor die
foruse ina FOWLP in accordance with an embodiment of the
disclosure.

FIGS. 11A-11H illustrate cross-sectional side views in a
method of forming a FOWLP in accordance with an embodi-
ment of the disclosure.

FIGS. 12A-12C illustrate a plurality of semiconductor die
foruse ina FOWLP in accordance with an embodiment of the
disclosure.

FIGS. 13A-13H illustrate cross-sectional side views in a
method for forming a FOWLP in accordance with an embodi-
ment of the disclosure.

FIG. 14 illustrates an embodiment of a FOWLP in accor-
dance with an embodiment of the disclosure.

FIG. 15 illustrates an embodiment of a FOWLP in accor-
dance with an embodiment of the disclosure.
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FIG. 16 illustrates an embodiment of a FOWLP in accor-
dance with an embodiment of the disclosure.

FIG. 17 illustrates an embodiment of a FOWLP in accor-
dance with an embodiment of the disclosure.

FIG. 18 illustrates an embodiment of a FOWLP in accor-
dance with an embodiment of the disclosure.

FIG. 19 illustrates an embodiment of a FOWLP in accor-
dance with an embodiment of the disclosure.

FIG. 20 illustrates an embodiment of a FOWLP in accor-
dance with an embodiment of the disclosure.

FIG. 21 illustrates an embodiment of a FOWLP in accor-
dance with an embodiment of the disclosure.

FIG. 22 illustrates an embodiment of a FOWLP in accor-
dance with an embodiment of the disclosure.

DETAILED DESCRIPTION

Embodiments of the disclosure disclose methods and sys-
tems to improve panelized packaging. In accordance with
embodiments of the disclosure, misalignment for individual
device units in a panel or reticulated wafer may be adjusted
for by measuring the misalignment for each individual device
unit and adjusting the position or design of a feature in the
build-up layer for each respective device unit utilizing a
mask-less patterning technique.

In the following description, numerous specific details are
set forth, such as specific configurations, compositions, and
processes, etc., in order to provide a thorough understanding
of the disclosure. In other instances, well-known processes
and manufacturing techniques have not been described in
particular detail in order to not unnecessarily obscure the
disclosure. Furthermore, the various embodiments shown in
the FIGs. are illustrative representations and are not neces-
sarily drawn to scale.

The terms “over,” “between,” and ““on” as used herein refer
to a relative position of one layer with respect to other layers.
One layer deposited or disposed above or under another layer
may be directly in contact with the other layer or may have
one or more intervening layers. One layer deposited or dis-
posed between layers may be directly in contact with the
layers or may have one or more intervening layers. In con-
trast, a first layer “on” a second layer is in contact with that
second layer.

In accordance with embodiments of the disclosure, a plu-
rality of device units may be assembled and molded to create
a panel, or reticulated wafer. Device units may be active
device units such as dies, and may also be passive device units
such as an integrated passive network, or a discrete passive
device unit such as a capacitor, resistor, or inductor. The
device units may be pre-packaged, though pre-packaging is
not required. In accordance with embodiments of the disclo-
sure, the pre-packages may contain single or a plurality of
device units and other components. The panel is inspected to
measure the true position for each device unit in the panel. For
example, the measured position may include an x-y position
and/or orientation of at least one feature from each device unit
with respect to a global fiducial(s) on the panel. A unit-
specific pattern for each individual device unit is then created
based upon the measured position for each respective indi-
vidual device unit, and provided to a laser, direct write imag-
ing system or other mask-less patterning system. The unit-
specific patterns are then formed over each of the plurality of
device units so that each unit-specific pattern is aligned with
the respective device unit.

In an embodiment, creating the pattern relates to adjusting
the position or design of a unit detail pattern in a chip scale
package (CSP) build-up structure to align with the measured
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position of each device unit in the panel. In an embodiment,
the unit detail pattern is a first via pattern, a capture pad, or an
interconnecting trace pattern which may or may not be asso-
ciated with an RDL. For example, the position of a first via
pattern can be adjusted so that it is formed in alignment with
the measured position of each device unit in the panel. Also,
an RDL layer, including at least a capture pad for the first via
may be adjusted or designed to maintain alignment with the
true position of each device unit in the panel. The final under
bump metallurgy (UBM) and BGA ball may be formed with-
out aligning with respect to the measured position of the
device unit. As such, the UBM pad and BGA ball may be
aligned consistently with respect to the package outline for
each device unit, maintaining conformance to the package
outline.

Adaptive patterning may also be utilized to create a plural-
ity of module-specific patterns across the panel. In accor-
dance with embodiments of the disclosure, a plurality of
device units and optionally other components may be
assembled and molded to create a panel, or reticulated wafer.
The other components may be optical elements, connectors
(for example to connect to the outside of the module) and
other electronic components, which may also be pre-pack-
aged. In an embodiment, a module includes a plurality of
device units. A module may also include at least one device
unit and another component. A panel including a plurality of
arrangements of a plurality of device units, or at least one
device unit and at least one additional component is inspected
to measure the true position for each device unit and optional
other component in the panel. For example, the measured
position may include an x-y position and/or orientation of at
least one feature from each device unit and optional other
component within a module with respect to a global
fiducial(s) on the panel. A module-specific pattern for each
module is then created based upon the measured position for
each respective individual device unit and optional other
component within the respective module, and provided to a
laser, direct write imaging system or other mask-less pattern-
ing system. The module-specific patterns are then formed
over each of the plurality of device units and optional other
components so that each module-specific pattern is aligned
with the respective module device units and optional other
components.

Creating the module-specific pattern may relate to adjust-
ing the position or design of a unit or component detail pattern
in a CSP build-up structure to align with the measured posi-
tion of each device unit or component in the panel as previ-
ously described with regard to the single device unit package
embodiment. Where multiple devices and optional other
components exist, device interconnect traces which may or
may not be associated with a RDL may exist. A multi-layer
build-up structure can also be utilized for both modules as
well as single device packages.

Referring to FIG. 1A, in an embodiment, the process
begins with a panel 102 including a plurality of device units
104 overmolded with an encapsulating material 106 such as
anepoxy resin. While FIG. 1A illustrates a circular panel 102,
alternative panel formats such as rectangular or square may
beutilized. Asillustrated in FIG. 1A, the active surfaces of'the
plurality of device units 104 are substantially flush with the
encapsulating material 106. In an embodiment, panel 102
may be what is known in the art as a reconstituted wafer
formed in a WLP technique where the plurality of device units
are placed face down on a temporary tape carrier, followed by
overmolding with epoxy molding compound using a com-
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pression molding process, followed by removal of the tem-
porary tape carrier leaving the active surfaces of the plurality
of die units exposed.

Subsequently, a build-up structure may be formed on top of
the structure illustrated in FIG. 1A and the device units are
singulated to form packages or modules. For example, as
illustrated in FIG. 1B, the panel may be singulated into a
plurality of single-die packages 150, each package including
a single semiconductor die unit 152. Referring to FIG. 1C, a
plurality of die units 152, 154 may be mounted within the
molded panel and singulated to form multi-die packages or
modules 150. Referring to FIG. 1D, a single die unit 152 or a
plurality of die units 152, 154 may be mounted within the
molded panel with the addition of a passive device(s) 156
(such as capacitor, inductor or resistor) and/or other compo-
nent(s) 158 (such as an optical element, connector or other
electronic component) and singulated to form a packages or
modules 150 which include both an active device(s) and a
passive device(s) and/or other components. A variety of com-
binations of active and passive devices and optionally other
components within packages or modules are envisioned in
accordance with embodiments of the disclosure. Accord-
ingly, the particular configurations illustrated in FIGS. 1B-1D
are meant to be illustrated rather than limiting.

In the following discussion, certain embodiments are
described with regard to the formation of a single die FOWLP,
though embodiments of the d